Abstract Although invasive ductal (IDC) and lobular (ILC) breast carcinomas are well characterised in the literature, the biological and clinical significance of mixed tumours with both ductal and lobular components has not been investigated. In the current study, we have examined a well-characterised series of breast carcinoma with a long term follow-up that comprised 140 mixed tumours, 2170 IDC and 380 pure ILC. Results: Mixed tumours constituted 3.6% of all cases. The majority (59%) of the mixed tumours were grade 2 compared to 33% in IDC and 88% in ILC. Positive lymph nodes (LN) were found in 41% and definite vascular invasion (VI) in 26% of the cases. DCIS was detected in 123 (89%) and LCIS in 43 (31%) (both DCIS and LCIS were found in 39 cases). The majority of tumours were predominantly ([50 of tumour area) of ductal type (57%). When compared to pure IDC, mixed tumours showed an association with lower grade, ER positivity and lower frequency of development of distant metastases. When compared to pure ILC, mixed tumours showed an association with higher grade, positive LN metastasis, VI and development of regional metastasis. After adjustment for grade most of these differences were no longer apparent. There was an association between histologic type of carcinoma in LN metastasis and the predominant histologic type of the primary tumour. Mixed tumours showed metastatic patterns similar to that of ILC with frequent metastasis to bone. No clinically meaningful differences in survival were found between these mixed carcinomas and pure IDC or ILC of the breast or between mixed tumours with predominantly ductal or lobular phenotype.
Introduction
Breast cancer represents a heterogeneous group of tumours with varied morphology, behaviour, and response to therapy. Invasive ductal (IDC) and invasive lobular (ILC) breast carcinomas are the most common types of breast cancer, accounting for 72-80% and 5-15% of invasive breast cancer respectively [1] [2] [3] [4] , while tumours with mixed histologic types (mixed ductal and lobular) are less common, accounting for 3-5% [5] [6] [7] . Several studies have reported that whereas the incidence of IDC has remained stable, the incidence of ILC and mixed ductal and lobular tumours are increasing particularly among postmenopausal women [5, 8] . However, although this increase appears genuinely to be a true rise in the incidence of tumours with lobular morphology, which is probably hormone replacement therapy related [7] , it may also be influenced by increased diagnosis of these tumours as a result of either recognition of more non-classical variants of ILC or the adoption of E-cadherin staining in routine practice to distinguish between ILC and IDC.
Although treatment for stage-matched ductal versus lobular carcinomas is similar [9] , several studies have shown that ILC is a distinct entity of breast cancer that differs from IDC not only in histological and clinical features [10, 11] but also in the risk factors [12] , genomic profiles [13] , global transcription programs [14] , immunophenotype [15] and response to systemic therapy [11, 16, 17] . Such studies suggest that lobular tumour development and progression may follow a distinct pathway from ductal tumours. ILC is frequently associated with older age, larger tumour size, lower histologic grade, less lymphovascular invasion, absence of E-cadherin expression and positive hormone receptors (HR) [18] . Unlike IDC, ILC more often has illdefined margins and does not form microcalcifications, making it difficult to detect on screening mammography and ultrasound [19] . ILC has an increased frequency of bilaterality, a higher rate of multiple metastases [1, 2, 4, 20] and unique patterns of metastasis and spread compared with IDC. Some long-term follow-up studies have shown a trend to later locoregional recurrence [11] . In addition, it has been reported that ILC is less responsive to chemotherapy [3, 21] , lacks potential benefit of HER2 targeted therapy [16, 17] , being typically HER2 negative, but is more often HR positive and responsive to adjuvant hormonal therapy (HT) [11, 22, 23] . Reported prognosis of ILC varies and has been reported to be worse [1, 9, [24] [25] [26] [27] , no different [17, [28] [29] [30] [31] [32] , or better [6] than that with IDC.
Although IDC and ILC have been extensively studied and their features are well-characterised in the literature, knowledge about the biological and clinical significance of tumours with mixed ductal and lobular histologic pattern, which are less common, is lacking. Therefore, in this study, we performed a retrospective analysis of a large and well-characterised series of breast cancers with long term follow-up comprising clinicopathologic and outcome information; data on a wide range of proteins of known relevance in breast cancer were also available. In addition, several morphological parameters of tumours with mixed IDC and ILC histologic types were examined. Our aim was to perform a comprehensive characterisation of biological and clinical features of these mixed tumours and to assess differences, if any, between these tumours and pure IDC and ILC tumour types.
Methods
The study population was derived from the Nottingham Tenovus Primary Breast Carcinoma Series of women aged 70 years or less who presented with primary operable invasive breast carcinomas between 1988 and 2004. This is a well-characterised series of patients managed in a single institution with a long term follow-up information available. All patients received standard surgical treatment of either mastectomy or wide local excision with radiotherapy. Adjuvant hormone or chemotherapy treatment was managed on the basis of patients' tumour prognostic and predictive factor status. Hormone therapy was offered to patients with estrogen receptor (ER) positive tumours and Nottingham Prognostic Index (NPI) scores of 3.4 or greater (moderate and poor prognostic groups).
Patient's clinical history and tumour characteristics including patients' age, menopausal status, bilaterality, family history, type and number of primary operation and axillary lymph node surgery, primary tumour size, histologic tumour type [6] , histologic grade [33] , lymph node (LN) status, vascular invasion (VI), NPI and oestrogen receptor (ER) status were obtained from the database. Survival data including survival time, disease free interval, and development of distant metastasis (DM), local and regional recurrence was maintained on a prospective basis. Patients were followed up at 3-month intervals initially, then 6-monthly and annually for a median period of 68 months (range . A metastatic search was prompted when the woman presented with symptoms at follow-up, or when metastases were identified during imaging for other clinical conditions. The majority of patients during this time period were imaged with a chest radiograph, liver ultrasound and bone radiography and/or scintigraphy; CT and MRI being used as problem solving tools in selected patients. Breast cancer specific survival (BCSS) was defined as the interval between the operation and death from breast cancer, death being scored as an event, and patients who died from other causes or were still alive were censored at the time of last follow-up. Diseasefree interval (DFI) was also calculated from the date of first operation, with first recurrences, local, regional or distant, being scored as an event, and with censoring of other patients at the time of last follow-up or death. Local recurrence was defined as tumour arising in the treated breast or chest wall. Regional recurrence was defined as tumour arising in the axillary or internal mammary lymph nodes (LN).
From the whole series (4412 breast cancers of all types), 140 (3.6%) mixed ductal and lobular carcinomas were identified. These tumours were diagnosed at the time of presentation as mixed tumours and coded as mixed ductal carcinoma of no special type (duct/NST; IDC) and invasive lobular carcinomas (ILC) in the database and therefore, formed the base of this study. These 140 cases were compared to 2048 IDC and 255 ILC of pure histologic type [34] [35] [36] [37] [38] . In addition, haematoxylin & eosin stained sections of representative tumour blocks and positive LN from the corresponding cases of these mixed tumours were examined to further assess the morphological features of these tumours and to study the relationship between these features and the histologic tumour type in the metastatic site and tumour behaviour. These tumours were examined for the following morphological parameters; presence and grade of ductal carcinoma in-situ (DCIS), lobular carcinoma in-situ (LCIS) and the predominant histologic invasive tumour type as defined by presence of distinct components of the tumour of either ductal or distinct lobular morphology, irrespective of the proportion or dominance of either component. Data on several other prognostic biomarkers with close relevance to breast cancer were also available. These markers included progesterone (PgR) and androgen (AR) receptors, HER1 (EGFR), HER2, HER4 (cerbB4), p53, P-cadherin, E-cadherin, FHIT protein, neuroendocrine markers (chromogranin-A and synaptophysin), SMA, p63 and basal cytokeratins (CK5/6 and CK14) [34, 36] .
Statistical analysis
Statistical analysis was performed using SPSS 13.0 statistical software (SPSS Inc., Chicago, IL, USA). The clinical and biologic characteristics of mixed tumours as compared to both pure ILC and IDC were assessed using contingency tables, v 2 tests, Fisher's exact tests and student t-tests. BCSS and DFI curves were drawn using Kaplan-Meier estimates, and were compared using log rank tests. Survival rates are presented with their 95% confidence intervals. Multivariate analyses of BCSS and DFI, with stepwise variable selection, were conducted using Cox proportional hazard regression models. A P-value \0.05 was considered significant. Cutoff values for the different IHC biomarkers included in this study were chosen before statistical analysis. Standard cutoffs were used for established prognostic factors and were the same as for previously published data [34, 36] .
Results
Of the 140 mixed ductal and lobular carcinoma cases, 82 (59%) were grade 2, 57 (41%) had lymph node positive disease and 57 (40.7%) had lymphovascular invasion ( locoregional recurrences and 16 cases developed DM (9 cases to the bone, 6 with predominant lobular).
On histologic review, we found that mixed tumours consist of areas with solid/cohesive growth pattern consistent with IDC admixed with areas of discohesive malignant cells with single cell infiltration pattern that are defined as ILC. Importantly, in this study we have only considered tumours with mixed but well defined histologic types and did not include tumours with hybrid morphology that show morphologic features of both lobular and ductal tumours, usually a lobular diffuse infiltrative pattern but with no specific cellular morphology. In our routine practice, such hybrid cases are diagnosed as IDC with lobular features and coded as IDC. According to proportion of each tumour subtype, mixed tumours were classified as predominantly ductal ([50% of the invasive tumour area is IDC; 57%) and predominately lobular ([50% of the invasive tumour area is ILC; 43%) carcinomas. Associated DCIS was found in 123 cases (89%) [13% low grade, 36% intermediate grade and 51% was of high grade]. LCIS was found in 43 cases (31%); 60% of these cases were predominantly lobular. Both DCIS and LCIS were found together in 39 cases; LCIS alone in 4 cases and DCIS alone in 84 cases. Examination of positive LN showed metastasis of ductal morphology in 29 cases (60.5%), lobular in 18 cases (37.5%) and both ductal and lobular in 4 cases ( Table 2 ). In these 4 cases with combined ''IDC and ILC'' LN metastasis, the primary tumours were predominantly lobular in three and ductal in one. Interestingly, in the 3 cases of predominantly lobular primary tumour and metastatic ductal tumour in the LN, 2 cases were associated with extensive DCIS.
Association between mixed ductal and lobular tumours with clinicopathological variables Tables 1 and 3 summarize the clinicopathologic and immunophenotypic features of mixed ductal and lobular tumours as compared to ILC and IDC. When compared to ILC, mixed tumours are more frequent in premenopausal women, of higher histologic grade, associated with VI and more likely to receive chemotherapy, and to develop locoregional recurrence and distant metastasis. They are associated with positive expression of E-cadherin, P-cadherin, HER4, neuroendocrine and myoepithelial markers and absence of expression of androgen, BRCA1 and FHIT proteins. Compared to IDC, mixed tumours were more frequently associated with lower histologic grade, positive expression of hormone receptors, and BRCA1, and negative expression of E-cadherin, P-cadherin, p53, HER1 and HER4. Patients with mixed tumours were less likely to receive chemotherapy than those with IDC.
Outcome
Of the 16 patients with mixed tumours who developed DM, 10 cases (63%) metastasized to bone, 4 to the pleura, 2 to the liver and 1 to each of the lung and brain. Three cases showed metastasis to multiple sites including ovaries and peritoneum. Of the 10 cases that metastasized only to bone, the primary tumours of 8 patients showed a predominant lobular histologic type. Of the 21 ILC cases with DM, 11 cases metastasized to bone (52%), 3 cases to the pleura (14%) and only one case to the lung while in IDC, 91 cases (31%) metastasized to bone, 54 (18%) to the liver, 10% to the lung and 6% to the brain. However, no other association between the predominant histologic type of the primary tumours and any other prognostic variable or patients' outcome was found.
Mixed tumours showed no difference in survival when compared to IDC (Log Rank (LR) = 0.2, P = 0.65, and LR = 0.02, P = 0.88 for BCSS and DFS respectively) but worse survival compared to ILC (LR = 5.16, P = 0.023, LR = 4.5, P = 0.033 for BCSS and DFS respectively) ( Figs. 1 and 2) . However, these differences were lost in multivariate analysis when tumour grade was included in the model suggesting that the association with outcome is grade dependent.
In addition, to assess the prognostic value of the different variables in the mixed tumours, univariate and multivariate survival analyses of the mixed tumours as well as of the entire series (3 tumour types) were performed. Univariate analyses show that, in the whole series, grade (1-3), LN stage (1-3), tumour size, VI, and ER status were associated with survival. In the mixed tumours, we found that only grade and ER status were associated with survival. Two additional multivariate analyses were performed, in order to determine the independent prognostic factors in these tumours and to confirm the results of univariate analyses. The first model was used for the entire series and showed that all five parameters were independently associated with survival (histologic grade, LN stage, tumour size, VI and ER status). The second model was used for mixed tumours only. In this model, only ER status and histologic grade were associated with survival (Table 4) . When predominantly ductal mixed tumours were compared to predominantly lobular mixed tumours, no difference in BCSS was found (LR = 0.7, P = 0.4). Although predominantly lobular tumours showed a trend towards longer DFI, the difference was not statistically significant (LR = 2.9, P = 0.084).
Discussion
The management of primary breast cancer has changed over the years, and systemic adjuvant therapy is now commonplace. These recent advances in breast cancer treatment have made recognition and characterization of different prognostic groups mandatory. Invasive ductal and lobular (ILC) breast carcinomas are the most common histological types of invasive carcinoma of the breast. Several molecular profiling studies, clinical and follow-up data, and the patterns of metastases suggest that these histological types of breast cancer show genetic and biological differences. However, some tumours show mixed ductal and lobular morphology and the clinical and biological significance of these tumours is currently unrecognised and few studies have addressed these tumours [1, 5, 12] . The incidence of mixed ductal and lobular tumours observed in the present study (3.6%) is in accordance with the range of 2-6% reported in the literature [2-4, 20, 39] . The current study demonstrates that these tumours have clinical and biologic differences compared to the more common and more extensively studied pure IDC and ILC and show features midway between both tumour types. Compared to pure IDC, mixed tumours are associated with markers of good prognosis such as lower histologic grade, positive hormone receptors and negative expression of P-cadherin and p53. Compared to pure ILC, they were more frequent in younger premenopausal patients and were associated with markers of poor prognosis such as higher grade, VI, positive expression of P-cadherin and lack of expression of androgen, BRCA1 and FHIT proteins and they were more likely to develop locoregional recurrence and distant metastasis. Mixed ductal and lobular tumours are more commonly associated with DCIS than LCIS.
One of the major problems of mixed tumours is that the outcome of patients will be determined by the poorer prognostic characteristics of either component type and good prognostic characteristics of one tumour component may have no effect in the presence of the other tumour type. In order to determine the behaviour of these mixed tumours, we assessed several morphologic features of these tumours and compared them with the histologic type and site of metastasis. We found that when these mixed tumours develop metastasis to the LN, the histologic type of the metastatic tumour usually correlates with the predominant histologic type of the primary tumours. When they develop distant metastasis, they frequently metastasize to bone and less often to the liver and lung; a pattern similar to that of ILC, particularly in the tumours with predominant lobular type. Consistent with our results, it has been reported that ILC less often involves the lungs [2, 3, 39] and CNS [39] , and liver [19, 20] , but is more likely to involve bone [1] than IDC. It has also been documented that metastases to the gastrointestinal system, gynaecologic organs, and peritoneum are more characteristic of lobular carcinoma. In addition, this study confirms and extends the findings of the previous study that has addressed the biologic features of mixed ductal and lobular tumours [1] indicating that these tumours have features between IDC and ILC. They are more likely to be steroid receptor positive and of lower grade than IDC and of younger age and higher grade than ILC patients [13, 40, 41] . The prognosis for mixed tumours compared to IDC or ILC is unclear and no previous studies have addressed this issue. In the present study, the survival of patients with these mixed tumours was found to be similar to that of IDC; and slightly worse than those of ILC; however, this association seemed to be the result of the association of these tumours with a higher histologic grade than ILC.
In this study, there was no difference in survival between mixed tumours with predominantly ductal or predominantly lobular morphology when classified using the arbitrary UK and WHO guidance of these mixed tumours ([50% of the special type component). Moreover, we found it difficult at least in some cases to accurately decide the proportion of each histologic type. This may argue against clinical significance of using this cut-off in routine practice.
Previous studies have demonstrated that E-cadherin expression is lost in the majority of ILC (80-90%) and in the areas of lobular morphology in the mixed tumours, while it is usually positive in IDC (particularly in low grade tumours) and areas of ductal morphology in the mixed tumours [41, 42] . E-cadherin is therefore, one of the major defining features of lobular tumours; rather than a prognostic factor to differentiate between ductal and lobular tumours' outcome. Although, in the current study, E-cadherin positivity was found in more than a third of mixed tumours, this can be explained by positive staining in the areas with ductal morphology in these tumours and hence the overall score of these cases may reflect staining of ductal component and does not mean absence of lobular component in these tumours.
In conclusion, our results show that mixed ductal and lobular tumours are a distinct entity with features intermediate between ILC and IDC. Assessment of the predominant histologic type of the primary tumour can give an idea about the histologic type of metastatic tumours but does not provide prognostic value in terms of patients' survival. Although no clinically meaningful differences in survival are observed, mixed tumours showed a worse outcome than pure ILC. 
